The authors analyzed data from a multihospital case-control study in the eastern United States to evaluate the hypothesis that smoking menthol cigarettes increases lung cancer risk compared with smoking nonmenthol cigarettes. Subjects included cases with lung cancer and controls admitted for conditions unrelated to smoking who were aged 40-74 years, were interviewed from 1981 to 2000, and had smoked for ≥20 years. Information was available on the brand and type of cigarette smoked most recently and for the longest time. Analyses were based on 643 cases and 4,110 controls for whom brand information was available for ≥60% of the total duration of smoking. Logistic regression was used to estimate the relative risk of lung cancer according to number of years of menthol cigarette use (>15, 1-15, 0), adjusting for demographic and smoking-related factors. The lung cancer risk for long-term smokers of menthol cigarettes was similar to that for smokers of nonmenthol cigarettes (odds ratio = 0.97, 95% confidence interval: 0.70, 1.34). Odds ratios were also close to 1.0 in separate analyses of male, female, Black, and White subjects. The results of this study do not support the hypothesis that smoking menthol cigarettes increases the risk of lung cancer relative to smoking nonmenthol cigarettes.
compared with fewer than 25 percent of White smokers (7) (8) (9) (10) (11) .
Lung cancer incidence is 50 percent higher among Black men than among White men (12) . Although Black men are more likely to smoke, it does not appear that the excess occurrence of lung cancer can be fully explained by a higher prevalence of smoking (13, 14) . The lung cancer rate among Black women is equal to that of White women despite the fact that they smoke fewer cigarettes (9, 10, 15) . It has been suggested that smoking menthol cigarettes might increase lung cancer risk more than smoking nonmenthol cigarettes and might at least partly explain the observed disparities in lung cancer incidence (7, 16, 17) .
Two main mechanisms have been offered to explain how menthol cigarettes could particularly elevate lung cancer risk. First, the products of menthol combustion might directly exert a carcinogenic effect on lung tissue (18) . Alternatively, menthol's cooling and anesthetic properties might permit larger puffs, deeper inhalation, or longer retention in the lungs, all of which would result in increased exposure to the carcinogenic elements in tobacco smoke (16, 19) .
To our knowledge, there have been only three prior studies of the effect of menthol cigarettes on lung cancer risk (20) (21) (22) . Results have been ambiguous, with none showing an increased risk for women but two showing dose-related increases for men. Only one study published race-specific results, with no increases for either Whites or Blacks (22) . Because studies conducted to date have not provided a clear answer concerning whether smoking menthol cigarettes increases the risk of lung cancer more than smoking nonmenthol cigarettes, we examined this question among long-term smokers in the Slone Epidemiology Center CaseControl Surveillance Study.
MATERIALS AND METHODS
The rationale and design of the Slone Epidemiology Center Case-Control Surveillance Study have been described previously (23) . Briefly, the study has been conducted in hospitals located mainly in the eastern United States since 1976. No particular a priori hypothesis determines which diseases are targeted for study. Instead, information is collected from subjects who have a variety of conditions of potential interest (mostly cancer) as well as from those whose conditions are generally suitable as control diagnoses. Using a structured questionnaire, trained nurseinterviewers collect information on demographic characteristics, medical history, medication use, and personal habits (e.g., tobacco use and alcohol intake). Over the course of the study, 95 percent of eligible patients have participated. Institutional review boards of all participating institutions approved the study.
Subjects
The present analysis was restricted to subjects 40-74 years of age who had no history of cancer, had smoked cigarettes for at least 20 years, and had been interviewed during the period 1981-2000. Cases had been diagnosed with lung cancer (confirmed by review of pathology reports) within the 12 months before their current hospital admission. Controls had been admitted for conditions judged to be unrelated to cigarette smoking. The most common control diagnoses included cancers or benign tumors of the breast, colon and rectum, prostate, and other non-tobacco-related sites (45 percent); diseases of the digestive (14 percent), genitourinary (10 percent), or musculoskeletal (7 percent) systems; and injury (13 percent). Respiratory or upper gastrointestinal conditions, regardless of etiology, were excluded. A total of 1,300 cases and 9,383 controls met the eligibility criteria.
Subjects were asked about their cigarette smoking history, including current smoking status, usual number of cigarettes smoked per day, total number of years of smoking, number of years since quitting, and information about the most recent brand and the brand used for the longest period of time, including name, characteristics (filter/nonfilter, menthol/ nonmenthol), and number of years each brand was used. Responses to the questions about the most recent brand and brand smoked the longest were used to characterize use of menthol cigarettes. Because information was obtained on at most two brands (only one if the most recent and longestsmoked brand were the same), complete information on brand history was available for only 17 percent of subjects. We included in the study all subjects for whom brand information could be identified for at least 60 percent of the total duration of smoking; 513 cases (39 percent of those otherwise eligible) and 3,562 controls (38 percent) met this criterion.
We increased the number of eligible subjects by making certain inferences about periods of unknown brand history. The market share of menthol cigarettes was only 3 percent prior to 1956 (5); therefore, subjects who we could determine had some period of unknown brand history prior to 1956 could reasonably be assumed to have smoked nonmenthol cigarettes during that time. Addition of this inferred time increased the number of subjects for whom menthol status could be identified for at least 60 percent of total smoking duration to 661 cases (51 percent of those otherwise eligible) and 4,228 controls (45 percent). The preferential addition of cases mainly reflected the fact that they were older on average than controls (mean ages: 58.1 and 55.2 years, respectively), which increased the number of years of smoking prior to 1956 during which brand history could be inferred.
We classified subjects into three categories according to the number of years they smoked menthol cigarettes (0, 1-15, >15). We also created a proportional measure of exposure, calculated as the number of years that menthol cigarettes were used divided by the total duration for which brand information was known (0 percent, 1-49 percent, 50-100 percent). We excluded the 3 years prior to admission in calculating exposure because smoking habits during this period would not be expected to have an impact on the occurrence of lung cancer.
Analysis
We excluded two cases and 52 controls whose race was other than White or Black and 16 cases and 66 controls for whom values for any of the other covariates were missing, leaving 643 cases and 4,110 controls for analysis. We fit Because lung cancer was a priority diagnosis for surveillance in the earlier years of the study, 75 percent of cases were interviewed during 1981-1986, while controls were more evenly distributed throughout the study period. Since the proportion of subjects who were long-term menthol smokers increased during the later period of the study because of the increased availability and popularity of menthol cigarettes beginning in the 1950s, we also controlled for time period of interview (1981-1986, 1987-1993, 1994-1996, 1997-2000) to correct for any bias introduced by differential ascertainment of cases and controls over the course of the study. Adjustment for educational attainment and geographic area had no impact on the overall estimates, and these factors were not included in the final model. Table 1 presents the distribution of subjects on different characteristics according to case-control and exposure status. Compared with controls, cases were more likely to be male, be older, be White, have completed less education, and have been interviewed at an earlier time period. As expected, they were also more likely to have smoked longer, smoked more cigarettes per day, have quit for fewer years, and have smoked filter cigarettes for a smaller proportion of their smoking history. Use of menthol cigarettes was more common among subjects who were female, were younger, were Black, and had been interviewed at a later time period. Menthol cigarette use was also more frequent among those who smoked for fewer years and smoked fewer cigarettes per day, had quit for fewer years, and had smoked mainly filter cigarettes.
RESULTS
Crude and multivariately adjusted estimates for measures of the association between menthol cigarette use and lung cancer are presented in table 2. Compared with smokers of nonmenthol cigarettes, subjects who ever smoked menthol cigarettes did not have an elevated occurrence of lung cancer (odds ratio (OR) = 0.89, 95 percent confidence interval (CI): 0.69, 1.14). Estimates for smoking menthol cigarettes for more than 15 years (OR = 0.97, 95 percent CI: 0.70, 1.34), for 50 percent or more of reported smoking history (OR = 0.89, 95 percent CI: 0.65, 1.22), or exclusively (OR = 0.91, 95 percent CI: 0.59, 1.43) were also not elevated.
Analyses limited to current smokers also showed no increased risk (OR for >15 years of smoking menthol cigarettes = 0.90, 95 percent CI: 0.62, 1.31). Because of the possibility of confounding by extent of filter cigarette use, we conducted an analysis restricted to subjects who were most likely to have exclusively smoked filter cigarettes, that is, those who began to smoke in 1952 or later and reported only filter brands. Again, the risk for long-term menthol smokers was not elevated compared with nonmenthol smokers (OR = 0.95, 95 percent CI: 0.58, 1.58).
In separate analyses of men, women, Blacks, and Whites, long-term use of menthol cigarettes was not associated with an increase in lung cancer relative to exclusive use of nonmenthol cigarettes (table 3) . Odds ratios were 1.0 or below in all groups except Blacks, for whom the odds ratio was 1.21 (95 percent CI: 0.64, 2.26).
To evaluate potential biases related to missing data, we conducted an analysis restricted to subjects (250 cases, 1,767 controls) for whom information on cigarette type was complete. The odds ratio for more than 15 years of use was 0.70 (95 percent CI: 0.38, 1.29). As a further check on the impact of missing data, we created additional measures of menthol exposure based on varying assumptions about the distribution of menthol exposure during periods of unknown brand history. The basic measure of duration used throughout the analysis did not account for any possibility of menthol cigarette use during years for which brand information was unknown, which was equivalent to assuming that smokers exclusively used nonmenthol cigarettes throughout the period. To test the sensitivity of our results to that supposition, we created two modified measures that assumed that during periods of unknown brand history, smokers used menthol cigarettes either exclusively or in the same proportion as during periods of known brand history. Doing so resulted in a 59 percent and 31 percent increase, respectively, in the number of subjects in the highest exposure category of more than 15 years. The odds ratios for the effect of long-term use of menthol cigarettes compared with use of only nonmenthol cigarettes were 0.95 and 0.88, respectively, similar to the estimate based on the primary measure of exposure used in the analysis.
DISCUSSION
We found no evidence in this hospital-based case-control study to support the hypothesis that smoking menthol cigarettes poses a greater risk of lung cancer than smoking nonmenthol cigarettes. Sex-and race-specific analyses also did not suggest any meaningful increases in risk. Although the odds ratio was slightly elevated for Blacks who smoked menthol cigarettes for more than 15 years (OR = 1.21), the confidence interval was wide and the odds ratio for those who smoked menthol cigarettes for 1-15 years was below 1.0.
Our findings are similar to those of Kabat and Hebert (20) , who found no increased risk associated with smoking menthol cigarettes for men or women. Two studies did report increases for men, but the estimates for women were substantially below 1.0 (21, 22) . The only known study besides ours to present race-specific results also found no increases for Blacks or Whites (22) .
The lack of clear-cut evidence from epidemiologic studies regarding the effect of menthol cigarettes is mirrored by inconsistent and ambiguous findings from laboratory and experimental studies. One set of investigators reported that combustion of menthol produced carcinogenic benzpyrenes (18), but a second study using radioactive labeling did not detect menthol-derived benzpyrenes in tobacco smoke (24) . Menthol has also been hypothesized to affect smoking topography in a manner that increases the dose of cigarette smoke delivered to the lungs. However, contrary to expectation, most experimental studies indicate that smoking menthol cigarettes is not associated with an increase in puff volume or frequency, with some studies actually finding decreases in these measures (25) (26) (27) (28) (29) . On the other hand, a number of studies have also found that menthol cigarettes appear to produce a greater boost in nicotine and carbon monoxide levels than nonmenthol cigarettes (25) (26) (27) 30) . Although neither of these substances is itself carcinogenic, this finding suggests the possibility that menthol could also * OR, odds ratio; CI, confidence interval. † All estimates were adjusted for age; sex-specific estimates were also adjusted for race; race-specific estimates were also adjusted for sex.
‡ Adjusted for sex, age, race, year of interview, number of years of smoking, number of cigarettes smoked per day, years since quitting smoking, and proportion of years smoking filter cigarettes.
§ Reference group, smokers of only nonmenthol cigarettes. potentiate the uptake of carcinogenic constituents of cigarette smoke.
In interpreting the results of this study, it is important to consider factors that might have obscured an association between smoking menthol cigarettes and lung cancer. The most potentially serious limitation was the substantial proportion of missing data on menthol cigarette use because of the incomplete reporting of brands over subjects' smoking histories. We compared the percentages of cases and controls who had sufficient information to be eligible for analysis within strata of demographic and smoking-related characteristics and found little evidence for bias due to missing data; any differences between cases and controls were minor and nonsystematic. We were able to modestly reduce the amount of missing data by making the reasonable assumption that brands used prior to 1956 were almost certainly not mentholated. We evaluated the impact of the remaining missing data by creating measures of years of menthol cigarette use that used different assumptions about the distribution of missing cigarette brand information and by restricting analyses to subjects for whom information on menthol cigarettes was complete. In neither instance did we find any evidence for an increased risk for menthol relative to nonmenthol cigarettes. Nevertheless, we cannot rule out the possibility that the apparent lack of association between menthol cigarette use and lung cancer is due to the large amount of missing data in our study.
Another important concern is imprecise information on the use of menthol cigarettes obtained by patient self-report. Although all studies of menthol cigarettes and lung cancer have relied on recall, each used a different method to ascertain menthol cigarette use, including lifetime brand history (20) , identity of usual brand (21), or a global query about menthol cigarette use as a proportion of lifetime number of cigarettes smoked (22) . In our study, subjects were asked to report the brand they smoked currently or most recently and the brand they had smoked for the longest period of time.
Information is limited regarding the validity of reporting of menthol cigarette use. However, the level of agreement between self-report and Universal Product Code (UPC) information read directly from the cigarette pack has been shown to be 98 percent for current brand (31) , while, in one small study, agreement was 84 percent for recall of a brand reported by participants in smoking cessation programs 7 years earlier. The level of agreement may have been underestimated because, in some cases, the brand was not one customarily smoked by the participants but rather was expressly adopted as part of a smoking cessation strategy (32) .
On the basis of the above information, it is likely that smokers in our study were able to report menthol cigarette use with a high degree of accuracy since they were being asked only about brands they currently smoked or had used over a period of many years (median duration of use of usual brand, 20 years). However, the trade-off inherent in obtaining greater accuracy by inquiring about only current/ last and usual brand was an increase in missing data for varying proportions of smoking history.
Absent repeated ascertainment of current brand in prospective studies, future studies of cigarette brand effects will continue to have to rely on subject recall. Appropriately designed validation studies would help evaluate accuracy of recall of past brands. It would also be useful to evaluate the strengths and weaknesses of different measurement approaches and determine whether any are clearly superior.
Another concern in our study is the possibility of residual confounding. Control for confounding factors resulted in large increases from the crude to the adjusted odds ratios. Much of this confounding can be attributed to the fact that menthol cigarettes were introduced later than nonmenthol cigarettes; therefore, smokers of menthol cigarettes were younger and smoked for fewer years on average. In addition, because menthol cigarettes are almost invariably filtered, long-term menthol smokers were much more likely to have smoked filter cigarettes for most of their smoking history. The use of filter cigarettes has been associated with decreases in lung cancer risk relative to nonfilter cigarettes, including in a previous study in this same population (33) (34) (35) . Menthol smokers in our study also smoked fewer cigarettes per day, a finding also reported by Sidney et al. (16) . All of these factors would have acted to negatively confound any estimate of the effect of smoking menthol cigarettes on the occurrence of lung cancer. Although we were able to adjust for all of these measures, some residual confounding may have remained that most likely biased the estimate downward.
There were also certain potential confounders, primarily low levels of fruit and vegetable consumption and occupational exposure to lung carcinogens, for which we had no information. However, restricting the study to long-term smokers who differed only in the type of cigarette they smoked decreased the likelihood of substantial confounding. Although smokers are known to both have poorer diets (36) (37) (38) and work in occupations with a greater possibility of exposure to lung carcinogens (39, 40) , substantial differences between smokers of menthol and nonmenthol cigarettes are less likely. Carpenter et al. (22) did control for fruit and vegetable consumption and for occupational exposure and found that doing so had no effect on the association between menthol cigarette smoking and lung cancer risk.
Restricting the study to long-term smokers also minimized concerns about control selection bias. Although smokers may be overrepresented among hospitalized controls even when diseases known to be caused by smoking are excluded, it is doubtful that the type of cigarette smoked has an important impact on the likelihood of hospitalization. We also used a variety of control diagnoses to minimize the potential for bias in case any individual condition was in fact related to exposure (41) . Furthermore, odds ratios for the association of menthol cigarette use with lung cancer were very similar whether the control series was limited to patients with other cancers or patients with noncancer conditions. Our study, in common with other studies conducted to date, was designed to address whether smoking menthol cigarettes increased the risk of lung cancer given that the comparison condition was smoking nonmenthol cigarettes. Alternatively, it is possible that smoking menthol cigarettes increases the risk of lung cancer not through any direct mechanism but by discouraging cessation, that is, by causing some people to continue to smoke who otherwise would have quit had they been using nonmenthol cigarettes. However, two recent studies indicated that smokers of menthol cigarettes are as likely to quit as smokers of nonmenthol cigarettes (31, 42) .
In summary, our results do not support the hypothesis that smoking menthol cigarettes increases the risk of lung cancer more than does smoking nonmenthol cigarettes. However, owing to methodological and sample size limitations in our study and previous studies, the possibility of a modest increase in risk associated with smoking menthol cigarettes cannot be excluded. A small increase could translate to a substantial number of additional cases and partially explain the increased lung cancer incidence among Blacks. The reasons for using menthol cigarettes may vary among different groups of smokers in ways that affect smoking topography, patterns of use, and effective dose. In particular, if menthol does potentiate nicotine absorption, lowerincome smokers (who are more likely to be Black) might use menthol cigarettes as a more efficient way of obtaining nicotine and consequently may smoke in a manner that increases their exposure compared with other groups of smokers. Studies that include larger numbers of Black smokers, careful documentation of lifetime smoking history, and information on smoking topography and/or dose would help clarify the effect of use of menthol cigarettes.
The higher incidence of lung cancer among Blacks is an important public health concern, but the causes remain largely unexplained. In addition to the possible role of menthol cigarettes, other hypotheses include historically higher smoking rates (43), other differences in exposure to tobacco smoke (e.g., higher-tar cigarettes) (16, 44) , differences in metabolism of carcinogenic compounds in tobacco smoke (9, 45) , and greater exposure to other causes of lung cancer, such as diet, occupation, or environmental tobacco smoke (46) (47) (48) . Although the possibility that differential use of menthol cigarettes contributes to racial differences in lung cancer incidence cannot be ruled out based on the results of studies to date, it will also be important to pursue other possible explanations for the disproportionate burden of lung cancer in Blacks.
